Summary. To investigate possible differential pituitary secretion of LH in breeding and non-breeding female naked mole-rats, the LH responses to administration of exogenous GnRH were measured in 55 females from 20 captive colonies. Single doses of 0\ m=. \ 1, 0\m=.\5or 1\ m=. \ 0\ g=m\ g GnRH produced a significant rise in plasma LH concentrations 20 min after s.c. injection in breeding and non-breeding females at all doses (P < 0\m=.\001).
Introduction
Naked mole-rats exhibit the most extreme example of socially-induced infertility so far discovered in mammals. These highly social hystricomorph rodents inhabit large subterranean burrow systems in the semi-arid regions of East Africa (Jarvis, 1978; Brett, 1986) . Within colonies which commonly contain 40-90 individuals in the wild, reproduction is restricted to one female, the 'queen', and 1-2 males in wild (Jarvis, 1978; Brett, 1986) and captive (Jarvis, 1981) colonies. The remaining colony members are reproductively quiescent and adopt a behavioural role related to their body mass. Small animals function as 'workers' and carry out such tasks as tunnel digging, and foraging for food in the form of underground roots and tubers. As individuals become larger they perform these behaviours progressively less and adopt a defensive role within the colony (Jarvis, 1981; Brett, 1986) .
In captive and wild colonies, the block to reproduction in non-breeding females appears to result from an inhibition of ovulation. In addition, plasma LH concentrations are low in compari¬ son to those in breeding females (Faulkes et ai, 1990) . These results suggest that the block to ovulation in non-breeding female naked mole-rats may be due to inadequate circulating concen¬ trations of LH. This may, in turn, be due to suppressed hypothalamic GnRH, or (Brett, 1985) (Van Damme et ai, 1974) . Details ofthe method have been described previously (Harlow et a!, 1984 : Hodges et a!, 1987 Abbott et a!, 1988) . Plasma samples were assayed in duplicate at two dilutions of 1:10 and 1:20, or 1:20 and 1:40, as a routine check for parallelism, and compared with a rat LH standard (the rLH antigen preparation: rLH-I-7) over the range 2-00625 mi.u./ml. The testosterone produced was measured by radioimmunoassay, also described by Hodges eta! (1987) .
To validate the LH bioassay for plasma taken from animals after GnRH treatment, checks for parallelism were carried out. Dilutions of naked mole-rat plasma samples taken before or after GnRH treatment, and of a pituitary homogenate containing high concentrations of LH, were parallel to, and not significantly different from the reference preparation (2-way analysis of variance with replication).
The sensitivity of the assay (determined at 90% binding) was 001 mi.u. per tube. Intra-and inter-assay precision for the whole assay, expressed as the mean coefficients of variation for repeated determinations of an LH quality control (1-53 mi.u./ml), were 10% (n = 15) and 16% (n = 9) respectively. (Helwig & Council, 1979; Sokal & Rohlf, 1981 (Helwig & Council, 1979 6) (F(l,9) = 103; < 005) females, with plasma LH concentrations rising from 3-5 ± IT to 12-6 ± 21 mi.u./ml in the former and from 1-2 ± 0-2 to 6-3 + 0-6mi.u./ml in the latter. At the lowest GnRH dose of 0-1 pg, the difference in LH response was even greater (F(l ,9) = 21-4; < 0-01), with non-breeders (N = 5) producing only a small increase in plasma LH from 1-3 + 0-2 to 2-9 + 0-5mIU/ml. However, in breeding females (N = 6) the magnitude of the response was not significantly different from the 0-5 or 10 pg GnRH doses, with plasma LH concentrations rising from 3-4 + 0-8 to 9-6 ± 2-0 mi.u./ml. Fig. 3 , GnRH produced a significant increase in plasma LH concentrations in non-breeding females after 4 (1-2 + 0-2 to 90 ± 0-2mi.u./ml, = 4) or 8 (1-2 + 0-2 to 7-9 + 1-7 mi.u./ml, = 4) injections of 01 pg GnRH, or after a single injection of 01 µg GnRH in breeding females (3-4 + 0-8 to 9-6 + 20 mi.u./ml, = 6) (F(13,4) = 10-36; < 0001). There was no difference in the magnitude of the LH responses in these three groups of females, and the values were significantly greater than those obtained with non-breeding females given a single injection of 01 pg GnRH (F(13,4) = 10-36; < 0001). There was no response to saline injection.
Discussion
Previous studies have provided circumstantial evidence that the socially-induced block to ovulation in non-breeding female naked mole-rats may be the result of reduced plasma LH concentrations, and that this may be due to either a suppression of hypothalamic GnRH secretion or an unrelated characteristic of pituitary function (Faulkes et ai, 1990 In Exp. 1, breeding and non-breeding female naked mole-rats responded with equal magnitude to the highest single dose of 1-0 pg GnRH, with an increase in circulating LH by 20 min after injection. This indicates that the pituitary of non-breeders contains a releasable pool of bioactive LH which can be secreted if the animal is given a sufficiently large GnRH stimulus. However, while lowering the dose of GnRH resulted in an undiminished LH response in breeding females, nonbreeding females were less responsive at the 0-5 and 01 pg doses, suggesting that the pituitaries of non-breeding females were less sensitive to these lower concentrations of GnRH.
The lack of sensitivity to exogenous GnRH in non-breeding females may be the result of a reduction in pituitary GnRH receptors or an alteration in post-receptor metabolic events. In rats, changes in the pituitary responsiveness to exogenous GnRH during the oestrous cycle are paralleled by changes in pituitary GnRH receptor concentrations (Smith, 1984; Fox & Smith, 1985) . If, in the non-breeding female naked mole-rat, the anterior pituitary has reduced concen¬ trations of GnRH receptors, then this in turn may reflect a lack of endogenous GnRH priming of the pituitary in these females, and an absence of receptor self-induction. The ability of GnRH to autoregulate its receptors is well documented (for review see Sandow, 1983; Clayton & Catt, 1987 (Montanini et ai, 1984) , but it is not known whether or not administration of GnRH produces these effects in the naked mole-rat, or if such changes would be detected by the mouse Leydig cell bioassay. Parallelism of naked mole-rat plasma with the rat LH standard was not significantly different in samples taken before and after injection of GnRH, thus if structural changes in the LH molecule were occurring in this study, they did not affect the validity of the assay. Because a bioassay rather than an immunoassay was used, it is possible that the changes in bioactive LH resulting from administration of GnRH were due to a combination of changes in LH potency, and in absolute concentration.
The results from these experiments therefore suggest that the socially-induced block to ovulation in non-breeding female naked mole-rats may be due to reduced plasma LH concen¬ trations resulting from impaired endogenous hypothalamic GnRH secretion. The consequences of this GnRH inhibition on LH pulse frequency and amplitude in the naked mole-rat are not known, but plasma LH values in non-breeding females are consistently low, or below the sensitivity limit of the assay.
The reversible nature of the lack of responsiveness to a low dose of exogenous GnRH (01 pg) in non-breeding female naked mole-rats reflects the rapidity with which the block to ovulation can be reversed in non-breeding females if their social environment is changed. For example, if a nonbreeding female is removed from her parent colony and housed singly or paired with a male, sustained elevations of urinary progesterone (indicative of the luteal phase of an ovarian cycle) occur for the first time 80 + 1-9 days after separation (Faulkes et ai, 1990) . As the follicular phase of the cycle is 60 + 0-6 days, this suggests that the hypothalamic-pituitary axis must commence normal activity within the first 2 days of separation.
In respect of the response of the pituitary to GnRH, the non-breeding female naked mole-rat resembles the hypogonadal (hpg) mouse, a mutant strain in which hypothalamic GnRH is deficient or absent (Young et ai, 1983) . These animals have low levels of pituitary LH, and like the nonbreeding naked mole-rat have low plasma LH concentrations (Charlton et ai, 1983) . The hpg mouse also responds to administration of exogenous GnRH, with plasma LH rising significantly 5 min after a single intravenous GnRH injection (Iddon eí ai, 1980) , while multiple daily injections of GnRH restore pituitary LH content (Charlton et ai, 1983) . This illustrates that even in animals which are genetically deficient in GnRH, the pituitaries contain sufficient GnRH receptors and stores of releasable LH to produce an immediate LH response when given their first GnRH stimulus.
The central role of hypothalamic GnRH secretion in integrating environmental cues with repro¬ ductive function is well documented in other examples of natural suppression of fertility, for example the seasonally anoestrous ewe (Legan & Karsch, 1979) , during lactational amenorrhoea in humans (Glasier et ai, 1986) , and in the socially-induced suppression of reproduction in female common marmoset monkeys (Abbott et ai, 1988) . The naked mole-rat is perhaps the most extreme example of how environmental cues might modulate GnRH and LH release, and further investi¬ gation of this species could provide an insight into the detailed mechanisms of the control of GnRH and LH secretion.
